We investigated the association between the use of inhaled bronchodilators and the risk of AMI. A nested case-control study using the nationwide insurance claims database was conducted. Overall, 11,054 AMI cases and 47,815 matched (up to 1:5) controls were identified from 1,036,119 subjects without acute major cardiovascular events in the past year. Long-acting and short-acting β-agonists (LABAs and SABAs) were associated with increase in the risk of AMI, although an inhaled corticosteroid combined with a long-acting β-agonist was not. Long-acting muscarinic antagonists (LAMAs) in a dry powder inhaler (DPI) were significantly associated with reduced risk of AMI, while LAMAs in a soft mist inhaler (SMI) didn't decrease the risk of it. In hypertensive or diabetic patients, LAMAs in a DPI were associated with reduced risk of AMI, but LABAs were associated with increased risk. Among the β-blocker users, the reduction of AMI risk by LAMAs was the most significant. In conclusions, inhaled β-agonists were associated with increase in the risk of AMI, while LABAs accompanied by ICSs were not associated with increase in the risk of AMI. LAMAs in a DPI use were associated with lower risk of AMI.
Results
In total, 1,036,119 individuals with prescriptions of inhaled respiratory drugs for 30 days or longer between January 1, 2009, and December 31, 2011, were identified from the database. Among them, 221,891 individuals had previous prescriptions for inhaled respiratory drugs for 30 days or longer during the year prior to the initiation of the current therapy of inhaled respiratory medication; 58,782 individuals were diagnosed as having an AMI during the 1-year period before the index date; and 129,520 individuals were <20 years old, >100 years old, or of unknown age; all of these groups were excluded. Finally, a cohort of 792,687 new users of inhaled respiratory drugs were identified. During the study period, 12,110 individuals in this cohort were diagnosed with AMI. After excluding 1,056 (8.7%) cases who did not have matched controls, 11,054 cases with AMI and 47,815 matched controls were included in the analysis (Fig. 1 ).
There were statistically significant differences because of the large sample size. However, the majority of covariates, including other chronic respiratory diseases, comorbid dyslipidemia and the concomitant use of ACEI/ ARB, statin, thiazide and calcium channel blocker, were well balanced between the cases with AMI and the controls because of extensive matching (Table 1) . We used four statistical models to evaluate the association between inhaled drugs and AMI. In all of the models, LABAs and SABAs were associated with increase in the risk of AMI even after adjustment for the covariates that showed statistically significant differences between cases and controls (LABA, model 1; aOR, 1 Table 2) . We did not find statistically significant dose-responses in the associations between either LABAs or LAMAs and the risk of AMI.
In the subgroup analyses, the AMI-reducing effects of LAMAs in a DPI were found in COPD patients (model 2, aOR, 0.90; 95% CI, 0.83-0.99), patients with hypertension (model 2, aOR, 0.89; 95% CI, 0.80-0.99), diabetes mellitus (model 2, aOR, 0.84; 95% CI, 0.73-0.96) and who used β-blocker (model 2, aOR, 0.63; 95% CI, 0.45-0.89) (Fig. 2(A) ). On the contrary, LABAs were associated with increased risk of AMI among patients with hypertension (model 2, aOR, 1.35; 95% CI, 1.04-1.74) and those with diabetes mellitus (model 2, aOR, 1.56; 95% CI, 1.12-2.15) (Fig. 2(B) ).
Discussion
This nested case-control study showed that the use of inhaled LABAs but not ICSs with LABAs was associated with an increased risk of AMI, which contradicts the results of a post-hoc analysis of the TORCH trial 7 . Inhaled SABA use was also associated with increased risk of AMI in our study. In contrast, inhaled LAMAs in a DPI was significantly associated with reduced risk of AMI, which is in agreement with the results of the UPLIFT trial 11 . The difference in the risk of AMI between inhaled β2-agonists and anti-cholinergics, which both increase the heart rates that might lead to ischemic events 19 , maybe because β2-agonists likely have a stronger effect on the cardiovascular system than cholinergic antagonism does. In fact, β-antagonists are considered important cardioprotective agents because of their anti-ischemic effects 20 . β2-adrenergic receptor stimulation not only increases the heart rate, which increases myocardial demand but also induces hypokalemia 21 and causes direct myocardial injury or necrosis that could lead to ischemia 22, 23 . β2-adrenoceptors are also present on numerous inflammatory ACEI/ARB cells, which could contribute to their potential for inducing adverse effects 24, 25 . Our study also showed that LABAs combined with ICSs, potent anti-inflammatory drugs, did not increase the risk of AMI. In fact, there was a study reporting that low dose ICSs reduces AMI risk in patients with COPD 26 . The analysis of large RCTs showed there was a lower risk of cardiovascular adverse events in ICS-LABA combination group than there was in the LABA AMI (N = 11,054) Control (N = 47,815) Respiratory disease priority: TBlung > Bronchiectasis > Asthma > Others. 4 14 days or longer within 30 days prior to index date. 5 Either more than 30 days or more than twice on prescription within 90 days prior to index date. 6 Medication possession ratio (MPR) within 90 days prior to index date. 7 Within 1-year prior to index date. . This finding supports our results that the combined use of ICS/LABA could be a safer option than treatment with LABA alone.
Although, the provocative effects of anti-cholinergics on cardiovascular events might be weaker than those of β 2 -agonists, their vagolytic nature leads to arrhythmia 28 , and pro-inflammatory effects 10, 29, 30 has been suggested as the mechanisms of higher cardiovascular events in anti-cholinergics users. Contrary to these hypotheses, our analysis revealed that inhaled LAMAs in a DPI (Handihaler) were associated with reduced risk of AMI in the total cohort and the COPD subgroup. This corresponds with the results of the UPLIFT trial 11 . However, inhaled LAMAs in an SMI were not associated with reduced risk of AMI, and the aOR was over 1.0, which is similar to the findings reported in several studies noting that LAMAs had a higher risk in an SMI than they did compared with LAMAs in a DPI 14, 31 . The usual dosage (18 μg in LAMA DPI and 5 μg in LAMA SMI) might have been responsible for the different results. However, we did not find any dose-response relationship, and several studies showed similar safety profiles between these types of devices 12, 32 . These effect of inhaled LABAs and LAMAs in a DPI on the risk of AMI was not observed in the patients without COPD. The protective effects of inhaled LAMAs were most predominant in β-blocker users, but the effect of LABAs on AMI did not significantly differ with the use of β-blockers.
Our study has advantages over previous studies including the large number of included RCTs. First, an RCT does not reflect the clinical situation. RCTs are designed to answer one question designated as the primary outcome, which usually has a narrow scope focused on the efficacy of the drug, and therefore, the RCT study design can be impractical. The strict inclusion and exclusion criteria in efficacy trials prevent the extrapolation of the study results to the general population, and the intensive follow-up schedule seldom occurs in usual clinical practice 16 . In addition, a higher dropout rate in the placebo group than that in the test group could lead to an Table 2 . Risk of acute myocardial infarction (AMI) according to inhaled drug use. 1 Adjusted by other inhaled medication. 2 Adjusted by other inhaled medication, age, other chronic respiratory disease, chronic kidney disease or dialysis, dyslipidemia, number of hospitalization, number of outpatient visit, number of ER visit, concomitant medication of ACEI/ARB, beta-blocker, statin, aspirin, thiazide, CCB.
Scientific RepoRts | (2017) 7:17915 | DOI:10.1038/s41598-017-17890-1 underestimation of the incidence of adverse events in RCTs 17, 18 . In our population-based, nested case-control study, the protective effects of LAMAs in a DPI on AMI were observed in the patients with hypertension or diabetes mellitus, whereas LABAs significantly increased the risk of AMI among these subgroups. This finding suggests that LAMAs rather than LABAs could be the preferred option in the selection of an inhaled bronchodilator for these AMI-susceptible patients. Second, RCTs were not designed to evaluate the significant differences in adverse events because these are not the primary outcomes; therefore, the statistical power could be insufficient and type I errors might occur. Our nested case-control study based on nationwide claim data included more than 600,000 individuals and detected more than 10,000 new AMI cases without specific exclusion criteria, which may reflect the reality of the clinical situation and could have sufficient statistical power. There could be concerns that many confounders might result in the misinterpretation of the results of a retrospective analysis. However, the distribution of confounding variables after our extensive matching in the analysis was well balanced in this study, as shown in Table 1 . However, there were also numerous statistically significant differences in several covariates because of the large sample size.
Our study also has several limitations. First, we did not find statistically significant dose-response in the associations between either LABAs or LAMAs and the risk of AMI. Second, the LABAs were either salmeterol or formoterol, and all the LAMAs were tiotropium. The new LABAs including indacaterol, vilanterol and olodaterol, and new LAMAs including glycopyrronium, umeclidinium and acclidinium, were not used in South Korea until 2011. Third, our database did not include information about smoking, which is an important risk factors of both COPD and AMI. Fourth, we used dispensed prescriptions for inhaler use and did not directly confirm documented use. Fifth, although we observed the different effects on AMI between LAMA DPIs and LAMA SMI, the plausible underlying mechanisms could not be verified.
In conclusions, our population-based, nested case-control study revealed that inhaled β2-agonists alone were associated with increased risk of AMI, while LABAs in combination with ICSs were not associated with an increase in the risk of AMI. Inhalation of LAMAs using a DPI were associated with reduced risk of AMI. Finally, the results of our population-based, nested case-control study could facilitate the selection of appropriate inhaled drugs.
Methods
Source of data. We used the Health Insurance Review and Assessment Service (HIRA; Seoul, South Korea) database, which included 50.9 million South Koreans from the National Health Insurance (NHI) and National Medical Aid (NMA) databases. The HIRA database contains information on the demographics and all of the medical services rendered, along with the diagnostic codes (International Statistical Classification of Diseases and Related Health Problems, 10th edition code, ICD-10 code) and all of the medications prescribed. Values in key fields such as drug name, quantity, date dispensed, and duration are missing or out of range in <0.5% of the records. This study was approved by the ethics review committee of the National Evidence-based Healthcare Collaborating Agency, Seoul, Republic of Korea. Informed consent was waived because of the retrospective fashion by the ethics review committee. We followed the STROBE guideline for observational studies.
Study design and study population. A nested case-control study was conducted based on the information from the HIRA database. The source population consisted of all of the individuals who were dispensed inhaled respiratory drugs for 30 days or longer between January 1, 2009 and December 31, 2011. The initiation date was defined as the date of the first use of the inhaled respiratory drugs in the hospital or at an outpatient visit. We excluded the following patients from this cohort: those who had prescriptions for inhaled respiratory drugs for 30 days or longer during the year prior to the initiation date; those who were diagnosed as having cardiovascular disease during the year prior to the initiation date; and those who were under 20 years of age or over 100 years of age. The detailed patient selection flow is presented in Fig. 1 , and the final eligible cohort included 625,926 new users of inhaled respiratory drugs.
Definition of cases and cardiovascular disease.
Within the eligible cohort, we identified case individuals based on an ICD-10 diagnosis of AMI (I21-I24) that occurred after the initiation date of the inhaled respiratory drugs. The date of the first assignment of the AMI ICD-10 codes was called the index date. Definition of controls. We performed individual matching to select control patients for each case. The control patients were selected from the patients without ICD-10 codes for AMI. Each case was matched with up to five controls based on matching variables such as age (±5 years old), sex, initiation date of inhalers (±15 days), diagnosis of hypertension (ICD-10 code I10-I15), diabetes mellitus (DM; ICD-10 code E10-E14), COPD (ICD-10 code J41), ischemic heart disease (IHD; ICD-10 code I20, I25), diagnosis of other heart disease one year before the index date, or a Charson comorbidity index (CCI) of one year before the index date. Other heart disease was defined as rheumatic disease (ICD-10 code I00-I09) and cardiomyopathies, arrhythmias, valvular diseases, pericardial diseases (ICD-10 code I30-I52). The CCI variable was categorized into the following three groups: 0-1, 2-3, and ≥4. The index date for the controls was defined as the index date of the matched case.
Exposure to inhaled medications. Inhaled drugs included ICSs (beclomethasone, budesonide, triamcinolone, ciclesonide, fluticasone, or flunisolide), a short-acting inhaled β2 agonist (SABA; salbutamol, fenoterol, procaterol, or terbutaline), a long-acting inhaled β2 agonist (LABA; salmeterol or formoterol), a short-acting inhaled muscarinic antagonist (SAMA; ipratropium), a long-acting inhaled muscarinic antagonist (LAMA; tiotropium), a combination of a SABA and SAMA (ipratropium and salbutamol), or a combination of a LABA and an ICS (budesonide/formoterol or fluticasone/salmeterol). Inhaler users were defined when they used inhaled drugs for 30 days or longer during one year, and respiratory drugs requiring a nebulizer were excluded in this study.
When we assessed the risk of AMI for each inhaler, the patient was defined as an inhaler user if the inhaler prescription was for 30 days or longer and was identified during the 90 days period before index date. If each inhaler prescription was for less than 30 days during the 90-day period before the index date, the patient was considered a non-user.
Covariates. We considered the covariates for the AMI risk adjustment as the following: other chronic respiratory disease, comorbidities, health care utilization, and concomitant medications. The other chronic respiratory disease were classified as tuberculosis-lung (ICD-10 code B90), bronchiectasis (ICD-10 code J47), asthma (ICD-10 code J45-46), and others. Comorbidities included chronic kidney disease or dialysis (ICD-10 code N17-N19) and dyslipidemia (ICD-10 code E780, E789). We used health care utilization, such as number of hospitalizations (0, 1, ≥2), outpatient visits (<15, 15-30, 31-50, >50), and emergency room (ER) visits (0, ≥1), to adjust patient severity. Concomitant medications included angiotensin converting enzyme inhibitors (ACEI)/angiotensin receptor blockers (ARB), beta-blockers, statins, aspirins, thiazides, and calcium-channel blockers (CCB).
Statistical analysis.
The baseline characteristics of the cases and controls were summarized by descriptive statistics, such as proportion, mean, standard deviation (SD), median, first quartile (Q1), and third quartile (Q3). We also summarized the continuous variables into the appropriated categorical variables based on their distributions. Statistical significances were derived from an independent t-test for continuous variables and a χ2-test for categorical variables.
The association between the use of inhaled respiratory medication and AMI was investigated by conditional logistic regression analysis. We adjusted for the following covariates: age, other chronic respiratory disease, chronic kidney disease or dialysis, dyslipidemia, use of concomitant medications, number of hospitalization, outpatients visit, and ER visits. Unadjusted odds ratios (ORs) and adjusted odds ratios (aORs) are presented with a 95% confidence interval (CI).
Subgroup analyses for LAMAs and LABAs were conducted according to beta-blocker use, IHD, DM, hypertension, and COPD.
A p-value less than 0.05 was regarded as statistically significance, and all of the statistical analyses were performed using SAS V.9.2 (SAS Institute, Cary, NC, USA).
